Nitrogenase reactivity: methyl isocyanide as substrate and inhibitor.
We have examined the interaction of methyl isocyanide with the purified component proteins of Azotobacter vinelandii nitrogenase (Av1 and Av2). CH3NC was shown to be a potent reversible inhibitor (Ki = 158 microM) of total electron flow, apparently uncoupling magnesium adenosine 5'-triphosphate hydrolysis from electron transfer to substrate. CH3NC is a substrate (Km = 0.688 mM at Av2/Av1 = 8), and extrapolation of the data indicates that at high enough CH3NC concentration, H2 evolution can be eliminated. The products are methane plus methylamine (six electrons) and dimethylamine (four electrons). There is an excess (relative to methane) of methylamine formed, which may arise by hydrolysis of a two-electron intermediate. A rapid high-performance liquid chromatography/fluorescence method was developed for methylamine determination. The products C2H4 and C2H6 appear to be formed via a reduction followed by an insertion mechanism. CH3NC appears to be reduced at an enzyme state more oxidized than the one responsible for H2 evolution or N2 reduction. Other substrates (C2H2 greater than N2 congruent to azide greater than N2O) all both relieve CH3NC inhibition and inhibit CH3NC reduction. Both effects occur in the same relative order, implying productive (substrate) and nonproductive (inhibitor) modes of binding of CH3NC to the same site.